Heavy Flavor Averaging Group
(HFAG)

PDG Collaboration/Advisory Meeting
LBNL
November 19-20, 2010

Co-leaders (from 2007): Alan Schwartz, University of Cincinnati < E)S;';‘E,Z?ed
GianLuca Cavoto, INFN, Roma by)

2005-2007: Soeren Prell, Simon Eidelman

2002-2005: David Kirkby, Yoshihide Sakai

Goal: provide up-to-date world averages for measurements of B, D, and t
meson related quantities. Results can be freely quoted by conference
speakers, theorists, etc.

Policy: We use the latest conference results in averages; however, if a result is
not submitted for publication within 12 months of presentation (or if there are
no plans to publish a result), we withdraw it from world averages.

For averages, we do not inflate errors.



Organization

0, 0,

7 semi-independent subgroups:

B Lifetimes and Mixing
Semileptonic B Decays
Unitarity Triangle

Rare B Decays

B to ¢ Decays

Charm Physics

Tau Physics

Web pages: subgroups update their websites typically 2-3 times/year, e.g.,

after Moriond, after ICHEP/LP, sometimes after FPCP/CKM, eftc.
(http://www.slac.stanford.edu/xorg/hfag/)

These provide world averages for conference speakers, theorists, etc.

Preprint: every 1-2 years, all results are collected together in one paper
and posted to arXiv (hep-ex). The most recent posting is:

D. Asner et al., "Averages of b-hadron, c-hadron, and t-lepton Properties,"
arXiv:1010.1589

Provide averages for the PDG (next slide)
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0, 0,

HFAG and the PDG

HFAG now provides averages to the PDG (contact: Weiming Yao)
The averages provided include:

A. Lifetimes and Oscillations:

- b lifetimes
- B mixing parameters
- b production fractions

B. UT Triangle:

- Sin2p (B° to ccbar K°)
-|A| (B° to ccbar K°)

C. Charm:

- mixing parameters x, y
- strong phases 6,_, 6, .

- CPV parameters |q/p|, ¢

A. J. Schwartz/ HFAG

D. Semileptonic decays:

- |V_,| x F(1) for B° to D*- I+ v with p? and correlation
- |V_,| x F(1) for BY to D- I+ v with p? and correlation

- Exicusive B(B° to D- I+ v)
- Exclusive B(B° to D*- I+ v)
- Exclusive B(B* to DO | v)
- Exclusive B(B* to D*0 | v)

- Exclusive B(B* to D- &+ | v)
- Exclusive B(B* to D*- &+ | v)
- Exclusive B(B° to DO 7+ I v)
- Exclusive B(B° to D*0 n+ | v)

- Inclusive B(B°/B* to I+ v X)
-V, for inclusive and exclusive b to u | v decays

- Exclusive B(B° to s- I+ v)
- Exclusive B(B° to p- I+ v)
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HFAG Transition to the LHC Era

O, 0,

CATLAS

14 EXPERIMENT

HFAG began as a collaboration between Belle and BaBar, with some input
from CLEO and LEP

Over the past few years, CDF and D0 have played larger roles. For B
physics, they are now playing leading roles.

[some HFAG members: Diego Tonelli (CDF), Rick Tesarek (CDF), Rick Van Kooten
(DO), Rob Harr (CDF)...]

A number of HFAG members collaborate on LHC experiments, so there is
already some LHCb, ATLAS, CMS representation. However, official reps are
appointed by the experiments’ spokesmen; we will request this in the near-
term future.
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HFAG: Lifetimes and Mixing subgroup

0, 0,

Members:
Romulus Godang (BABAR)
Guillelmo Gomez-Ceballos (CDF)
Rick van Kooten (D©)

Olivier Schneider (BELLE/L HCb) e
Rick Tesarek (CDF) 0.6 CDF RunllPrel. 28"+ DO 281" [endon
n 68%CL | |
Tasks: . 95% CL
b-hadron lifetimes 24 0.4+ 990, cL
b-hadron fractions e
B mixing, CPV ]

(A, Am, |q/p|)
B_ mixing, CPV : =<l G iy <
(A, Am_, |q/pl, B;) |

2.30 from SM ;
(now working on the update) 1
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[ ! [ ! [ ! [ !
-1
Calculated for a gllggfs’g) . 0.446 = 0.026 = 0.019 ps
the PDG 2010: DELPHI * e 0.519 = 0.018 = 0.011 ps”
(5 analyses)
0.444 + 0.028 + 0.028 ps™*
OPAL . 0.479 + 0.018 = 0.015 ps™*
(5 analyses)
0.495 + 0.033 = 0.027 ps”*
DO . 0.506 = 0.020 = 0.016 ps™
(1 analysis)
BABAR N 0.506 = 0.006 = 0.004 ps™
(4 analyses)
0.509 = 0.004 = 0.005 ps’
Average of above H 0.508 = 0.005 ps'1
after adjustments
CLEO+ARGUS . 0.496 + 0.032 ps™
(x4 measurements)
World average H 0.507 = 0.005 ps'1
for PDG 2010
I I I I I I I I
0.4 0.45 0.5 0.55
" HFAG average 1
without adjustments Am, (ps)
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HFAG: UT Triangle subgroup

Members:

Gianluca Cavoto (BABAR) Sin(Zﬁeff) = Sin(2¢iff) %
Tim Gershon (BABAR/LHCb) PRELIMINARY

. . | b—>ccs_ World Average L o e 0.67+0.02
Diego Tonelli (CDF) Y Egﬁigr ; 026026003
; ; : : 1 018
Karim Trabelsi (BELLE) | . e Average: i b= i 086Gy
o BaBar ! : b ©7057'+0.08+0.02
x Belle : —r ' 0.64+0.10 = 0.04
= ¢ Average: : — : 0.59 = 0.07
Tasks: [ ‘-<"'B’aBa'rg"* """"""""""" T g = 0907000 Toon
. & Bele — | | 030:032=0.08
»n_Average: : H— 0.74 £ 0.17
¢1 a o X "'BaBar v T v —%—+tH 1 055+0.200.03"
( ) D K x> Eelle ; : — . 0.67+0.31=0.08
. X, VS E B verage ; : i : 0.57 +0.17
¢2 ﬁ y Dalitz = V5 Y. FRECmaRY [T g BaBar v e 3502 10,06 £ 0.03
v 0| 8:38
‘ ‘ g * * X Bele g 41— 0.64 T552 +0.09 £ 0.10
3 Y, | o Average: e — 0.54 021
L e T BaBar ; o g 0.55 *928 £ 0.02
B X Belle ' - ' 0.11 +£0.46 = 0.07
S Average ; . . D 9:45,%,0@21%,,
""""" » BaBar "y —ik : 0.60f8j1g
+°  Average! : — 0.62 %011
T BaBar 7R —_— —fit—0-48 = 0.52+0.06 £0.10
w Average: 1 BT i : I 0.48 = 0.53
”””””””””””””””” 7 T BaBar ! i 4 °0.20+052+0.07=0.07
2 — : 0.20 = 0.53
OEC«— """"" -0.72+0.71 £0.08
R I SR L o I
BeBe B Z % Average: R —— d 09775
abar 8- | TP e BaBar T : 1 70.01£03120.05=0.09
Belle B = o Average: 5 : 0.01 +0.33
Averages "’f”z"'BaBa'r”; """""""""" T :--*72086:008:002\’%
1 e \¢ Bele : A+ | 0.68+0.15+0.03 053
02 01 0 01 02 .t Average; : 1= 0.82 +0.07
Contours give -2A(In L) = Ay® = 1, corresponding to 60.7% CL for 2 dof X _2 _ 1 0 1 2
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HFAG: Semileptonic subgroup

0, 0,

Members: Tasks:
Elisabetta Barberio (BELLE) Branching fractions inclusive
Concezio Bozzi (BABAR) Branching fractions exclusive
Matthew Jones (CDF) V.|
Vera Liith (BABAR) IV,
David Lopes Pegna (BABAR) Moments
Christoph Schwanda (BELLE)
Phillip Urquijo (BELLE)
ALEPH
3829 = 11.80 = 6.09 =
s A¥'=1  CLEO ALEPH CLEO ‘
= 50~ 4469 590 £3.42 —=
>€ BESIgLE X B
= 40 1020804210 e
LD i
22302 190 500 .
30 930 2070 130 ke
I HFAG
HFAG
¥ldof =1.3/8 (CL = 99 %) ‘
201 x'/ldot=l<3/8 | | | | | | | | | | ‘ | |
0 1 2 10 20 30 40 50
0 G(1) xIV | [107]

A. J. Schwartz/ HFAG PDG Meeting, LBNL November 19-20, 2010 8



HFAG: b to charm subgroup

0, 0,

Members:
Simon Blyth (BELLE) HFAG/b2charm end_of 2009
Andrzej Bozek (BELLE) ChargedB gABAR 1 PDG2008
Cheng-Ju lin (CDF) multiple D, D* or D** mesons——+—e—+— CeD"Fe % Hga’ﬁ\;eggr;reel
Andrei Nomerotski (DO) o110 500 5
Gianluigi Cibinetto (IBABAR)

Matteo Rama (BABAR) D"D - (2010)
Tasks:
Branching fractions
(w/averages) .
Dt D*=(2010)K -

+D**(2007) D*~(2010)

H—l———— _
- DDOK-, |

: :4)*+(2010)D_K_

D*=(2010)D**(2010) K~

(10°)

0.0 1.0 2.0

2010-04-27T03:26+0800 01116
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HFAG: Rare subgroup

0, 0,

Members:
Ralf Bernhard (D©) B(B — K, nm, KK)
Shohei Nishida (BELLE) 1 R HFAG —— CLEO
Rob Harr (CDF) i August 2010 =
. . ' kK 2 —— BABAR
Jim Smith (BABAR) 9 -
= KK —— New Avg.
Tasks: g '
Charmless mesonic decays Rk Ak
Radiative decays T e T
Leptonic decays — K00
Baryonic decays == Kt
A
Vector-vector polarization 3 == K'r
B_ decays i o
0.0 12.5 25.0

Branching Ratio x 106
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HFAG: Rare subgroup (cont'd)

Heavy Flavor Averaging Group
August 2010

Compilation of B; Rare Branching Fractions
All branching fractions are in units of 107°

In PDG2010  New since PDG2010 (preliminary)  New since PDG2010 (published)

RPP# Mode PDG2010 Avg. Belle CDF DO New Avg.
15 Tt < 1.2 <12 < 1.2f < 1.2f
21 b 1448 24.0+214+86t 24.0 + 8.9
22 Tt K- 4.941.0 <26 5.0 4 0.7 4 0.81 50+ 1.1
23 KtK- 33+£9 387047 244414 +46% 26.5 + 4.4
- KK’ New < 66 < 66
28 vy < 8.7 < 8.7 < 8.7
29 by 578t 578t 571 h
30 s < 0.047 < 0.036% <0.032 <0.032
31 ete” < 0.28 < 0.28% < 0.28t
32 e* ¥ <0.20 < 0.20% < 0.20%
33 dut < 3.2 14440.33+0.461 <321 1.44+0.57

TRelative BF converted to absolute BF
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0, 9,

Members: 1.5-

HFAG: Charm subgroup

Global fit ¢ zm
= onAm 2o CPV allowed

results:

David Asner (CLEQOc) ;
David Cassel (CLEOc) bt
Jonathon Coleman (BABAR) no mixing
Lawrence Gibbons (CLEO-c) : . excluded
Bostjan Golob (BELLE) o at 10.20

Brian Meadows (BABAR) : .
Daniele Pedrini (FOCUS) ; yp
Milind Purohit (BABAR) i o e iR

-1 -0.5 0 0.5 1 1.5 2

Alan Schwartz (BELLE) X (%)

0.5

1o
20
30

LI,

Tasks:
Mixing
CPV in mixing/interference -
Direct CPV 20
Semileptonic (form factors) o-
Decay constants _20-
Excited D's (D**, D_,)
Rare decays
Charm baryons

®
o
T

(]

I

>

b

<

n

2

o

2}
o

Arg(a/p) [deg.]
&

consistent

with no
CPV

02 04 06 08 1 1.2 1.4 16 1.8
lg/pl
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Ds decay constant:

BELLE 2007

CLEOC 2009

[currently NOT in
the PDG, as Stone/
Rosner present their

own average (which
HFAG believes less

accurate)]

World average

CLEOC 2009 t—n
CLEOC 2009 t—e

CLEOC 2009 t—p

World average

A. J. Schwartz/ HFAG

CHARM 2010

R
M

H

05 055 06 065 0.7 0.75
BOD,~1v) (%)

HFAG-charm

CHARM 2010

e
e
—

4‘4‘1.5 5 55 6 6.5“7
B(D,—~>w) (%)

PDG Meeting, LBNL

0.644 = 0.076 = 0.057 %

0.565 = 0.045 = 0.017 %

0.602 = 0.038 = 0.034 %

B(D—uv)

0.590 = 0.033 %

B(D ,—1tv)

642+0.81=0.18 %
530047 £0.22 %
552+0.57+021 %
491+ 047 = 0.54 %
454053049 % World average

507 £0.52 = 0.68 %

HFAG-charm

HFAG: Charm subgroup (cont’d)

CHARM 2010

2631+ 73+ 18

2524+ 6.7+ 1.8

2573 + 5.3 MeV

235 240 245 250 255 260 265 270 275

529=0.28 %

fp, (MeV)

November 19-20, 2010
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HFAG: Tau subgroup

Members:
Kiyoshi Hayasaka (BELLE)
Boris Shwartz (BELLE)
Hisaki Hayashii (BELLE)
Swagato Banerjee (BABAR)
Alberto Lusiani (BABAR)

Tasks:
Tau Mass
Branching Fractions
Extraction of |Vus|
Lepton Flavour Violating Limits

Mike Roney (BABAR)
DELCO 1978 CLEO 1997 |
1783.00 +300 17.370 = 0.080 + 0.180
ARGUS 1992 . . DELPHI 1999 .
:327:-3109; 2-40 +1.40 17.325 = 0.095 + 0.077
0.8 + . L3 2001 R
2:17:6961 9_%;7*; .25 17.342 = 0.110 = 0.067 i
e OPAL 2003 .
1778.20 = 0.80 = 1.20 3734 .
OPAL 2000 o ALEPH 2005
1775.10 = 1.60 = 1.0
17.319 = 0.070 + 0.032
13%2?510 070 13+ 0.35 | .
.61+0.13 = 0. BaBar 2009
BaBar 2009 g 17.460 = 0.030 =+ 0.080
:(7E7|§|f82i0(())§12 = 0.41 PDG’09 Average o
1776.69 17+ 0.15 ) | |1-|7|=',?\i;0 ;vg;gzz
PDG’10 Average = '
PDG10 Averag . |1-| 7#223;10'043 (CL = 87.8%)
HFAG Average ! — e
1776.77 = 0.15 (CL =57.0%)  ©® 17.407 = 0.039 (CL = 9.6%)
1 suTme’x' 20 110 | | l | | | | l | | Summer 2010 |
1 1 I | | | |
1770 1775 1780 17 175
2 _
m, [MeV/c7] Bt — uww,) [%]
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Summary of activities

0, 0,

® Some new B, D, T results still coming from full Babar data set

® New B, D, T results coming from full Belle data set [Y(4S) and Y (5S)]
® New B_results coming from larger CDF/D0 data sets

® New D°-D° mixing and ¢, (y) results are calculated with input from
CLEOc

® New D°-D° mixing results expected from BESIII (input to global fit)

® Many new B, B*, B, measurements expected from LHCb

HFAG should be busy for several years to come

® Interaction with PDG seems very productive
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